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(57) Abstract 

The inventioa idates to an anangement for leailieat 
suspension of a cab witti rcsptct to a vehicle tone, and a 
bushing which forms pait of the anangement Tbe cab is 
connected to ttie veiiicle fiaroe by means of a numbef of 
spring struts (1) whkfa are anchored in elements (11) fixed to 
the cab via a bushing (4) which filters out body noise widixn 
file ftequen^ nuige 80-300 Hr with an^litudes of up to 2^ 
3 nun. These types of vibnuions are not Itspt up wifii by 
shock absoibeis. because of intnnal friction and hy^ercsis. Hie 
robber bu^g (4) is ananged a susppoitlng deeve (6) which 
is anchored to be spring stiut(l) and which is damped between 
two stop surfaces (5, 1 4). Tbe supporting sleeve (6) has an axial 
lengfii (Sl) which exceeds (he conespondlng axial lengtii (Bt) 
of a lubber element (40). The bushhig is dunenstoned so that 
under atatk load due to me service weight of die cab fi^eto is a 
dear distance (ai» az) between the stop suifeoes (5, 1^ and the 
axially directed suifisccs (41. 42) of die bushing. 
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Arrangement for resilient suspension a cab with respect to a vehicle frame. 

■ 

Tltt invention idates to an anangement fi»r lesilinit suspension of a cab witii respect to a 
vehicle firame according to the pxeaaMa of patent daim 1, and a bushing, which forms part of 
tiie airangement, according to Ote preamble of patent daim 8. 

State of the art. 

■ 

The suspension of flexibly mounted cabs with respect to the frames of heavy*duty vdiicles 
such as tracks at present involves inter alia a number of spring struts each incorporating a 
spring and a shock absort)er. Each qaing strut is often provided, at its upper fastening, with 
bushings in the form of rabber rings in order to damp vibrations. 

These rubber rings have to be sufBciendy rigid to cope with being loaded by the cab. This 
involves either the rabber rings or the shock absorbers being able to filter out objectionable 
effects within a frequency range of approximately 80-300 Hz depending on hystacsis and 
internal friction. However, this fiequency range often includes disturbing vibrations fiom the 
firame, often with amplitudes of less than 2-3 mm, which may thus be propagated to the cab. 

■ 

SE 94 02 296 refers to a forward cab suspension fastening which is otherwise advantageous 
but which incorporates a teavy cast bracket for fastening the shock absorber to the cab, which 
makes disturbing low*amplitude noise even more critical. 

SU 14 81 130 refers to a bushing which is designed to reduce the propagation of vibrations, 
but this hushing also constitutes a spring device (there is no spring strut) and does in fact 
merely cause a rigidity which increases gradually with increasmg load. 

A multiplicity of different arrangements for fastenings of spring strat designs with spring and 
shock absorber are known from vehicle wheel suspensions in which rabber bushings have 
greater rigidity at larger amplitudes in prder to cope with power loads and less rigidity at small 
amplitudes for vibration damping. Such solutions are referred to, for example, in SE 159 273 
and WO 89 05 242. 

However, quite different load situations apply to the cab suspension of a heavy vehicle. There 
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are several excitation sources, since the frame is alarge mass which is acted upon by 
vibrations not only ftom the drive unit, trailers and siqjcrstractures but also ftom the wheels. It 
is Oerrfbre not possible to transfer solutions directly ftom the wheel suspension of passenger 
cars to ffae cab suspension of heavynlu^ vehicles. 

m 

* 

Objecb of the inventibn. 



The invention has the object of providing a heavy-duty highway vehicle such as a truck with 
an improved flexible cab suspension, preferably a forward suspension of the type refecred to 
in SE 94 02 296, whereby special and ordinarily occurring low-amplitude vibrations fiom the 
vehicle chassis in the frequency range of approximately a few hundred hertz can be filtered 
out and hence essentially not reach the cab, irrespective of wheflier the vibration causes tiie 
cab to move away from or towards die frame. 



A further object is to provide a simple and reliable rubber bushing which can be used in a cab 
suspension whereby all major loads on die fastening of the sprii^ stmt in the cab via the 
bushing cause the latter to T)ottom" and be mamly subjected to compressive load, thereby 
minimising ttie risk of die bushing failmg by shearing. To tiiis end, .the fausUng should be 
made veiy weak with respect to low-amplitude vibrations in the aforesaid frequency range so 
that these vibrations can be filtered out effectively and not reach die cab. 

% 

Anodier object is to make it easy to fit a spring $trut to tixc cab which, as a composite unit 

* 

including a spring fixed in die spring strut and a shock absorber, can be fitted firmly with 
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Brief descriptioii of the invoition. 

■ 

The airangem^ for cab suspension according to the invention is distinguished by what is 
indicated in the characterismg part of patent claim 1, and the bushing which forms part of the 
arrangement by what is indicated in the characterising part of patent claim 8. 

Otiier features and advantages which distioguish the invention are indicated by the 
characterising parts of oUier patent claims and by the following description of an embodiment 
Hie description refeis to the attached drawings. 
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List of drawings. 

Figuie 1 shows a side view of a spnng strut 

Figure 2 shows the force in the rubber bushtag as a function of the deflection movement S. 
5 Figure 3 shows an unfitted rubber bushmg which is not piestressedby the dead weight of the 

cab. 

Figure 4 shows schematically a vehicle cab suspended with respect to 
four spring struts. 

1 0 Description of an embodimenL 

Figure 1 shows a qning stmt 1 incoipondng a shock absoiber 3 and a spring 2 which is 
arranged parallel wifli the shock absorber. la this case the spring 2 is an air bellows which is 

ft 

arranged concentrically with the shock absorber and which can in a conventional manner (not 
15 shown) be filled with and emptied of compressed air in order to adjust the level of the cab. 
The shock absorber is arranged within the air bellows and is clamped between upper and 
lower end covars 14.15. The fact that the shock absoiber is internally clanged between die 
Md covers of the airhdlows widioat movable penetrations makes it easy to seal the air 
beUows. The air bdlows 2 may be rq)laced by another ^e of spring such as a coil spring. 
2 0 The spring 2 and die shock abstnbo: 3 are arranged as a conqjosite unit between the end 
covers 14,15. This makes U easy to fit the spring strut with respect to the cab and the frame. 

■ 

A fast^g eye 10 is arranged on the lower end cover 1 5 and can be flexibly anchored to an 
element fastened to the frame, advantageously a corresponding fastenmg eye 21' or a pin 

2 5 firmly arranged on the firame 2.1. K may be advantageous to use an alternative arrangement 

according to SB 92 03 909. 

In the upper part of the spring strut there is a rubber bushing 4 according to the invention 
incorporating a sleeve-shs^ rubber element 40 and an internal rigid supporting sleeve 6 

3 0 arranged on an at least pardy direaded rod-shaped device 8 which protmdes upwards fiom the 

upper portion of tiie spring stmt, prefisrably an axial extension of the piston stem of the shock 
absorber 3, which only requires a static seal at the penetration through the end cover 14. The 
supporting sleeve 6 is anchored to the upper end cover 1 4 of the spnng stmt by means of a nut 
7 which is applied to the rod-shaped device 8 and which presses a stop surface 5, here a loose 
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washer, against the upper portion of the supporting sleeve 6. The supporting sleeve 6 of the 
rubber bushing is thus clamped firmly between two stop surfaces, namely the washer 5 and 
die upper aid cover 14 of the ^ling stmt 

* 

llie bushing 4 is connected to the cab via a bRudcet n which is fastened to t^ 
fastening element 9 is cast in, along its radial inner portion 9', into the rubber element. The 
radially outer portion of die fastening element 9 protrudes clear of the rubber elemot 40 and 
is provided with holes 16 through which anchoring bolts 12 are arranged. The anchoring bolts 
may alternatively be welded firmly to the fastening element 9. If the spring strut is pushed 
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bracket 1 1 , followed by iqpplying a locknut 13 to secure the bushing to the cab. 



The fastming element 9 is provided, along its radially inner portion 9', wifli a collar which is 
developed upwards in die longimdmal direction of the spring strut and whidi has a radially 
IS inward surface substantiaUy concentric witii, and with the same top angle as. the outer sut^ 

63 of the supporting sleeve, wherel^ the inner collarportion of die cab bracket is totally 
endosed in the rubber bushing and is arranged at a substantially constant distance C in the 
circumferential direction from tibe outer suzface 63 of the supporting sleeivc. 

■ ■ • • 

20 . For the sate of favourable loading of die rubber element 40, not only the supporting sleeve 6 
but also die rubber element 40 and die inward-fiadng surface 9' of die collar are concentric and 
conical, widi an outside diameter decreasing upwards. This results in both amsptesme and 
shear loading of die rubber element 4a which is advantageously firmly vulcanised along its 

radiaUy inner surface 43 to die radially outer surface 63 of die supporting sleeve. The axial 
25 . lengtii of tile rubba element at its connection to die supporting sleeve 6 may conespond to tiie 
lengtli of the latter, in which case the upper and lower ends of the nibber element are of veiy 
limited radial extent beyond a short axial length, a fact which does not substantially affect the 
characteristics of the rubber bushing. The local axial length increase alongside the whole 
contact surface with the siqjpoiting sleeve 6 is designed to reduce the load in the jointing 
3 0 surfaces 43 and 63. 

The rubber portions radially outwards about die collar 9' have no springing or damping 
fimction and can tiierefbre tiieoietically be excluded, but fiom tiie manufacturing and sttengdi 
points of view it is advantageous to cast die whole collar into die rubber element The collar 
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may also be rq>laced by a solid fastening element with die same beigfat as the collar, but tbe 
result would probably be an expensive and heavy structure. 

Rgure 3 shows the bushing 4 as initiaUy manufactured before being fitted to the spring strut 
and before the stop surfaces 5, 14 at the respective ends of the supporting sleeve can limit the 

movement of die rubber bushing. In diis state the rubber bushmg is not loaded fay the dead 
weight of the cab, which means that the upper outer periphery 44 of the rubber element will be 
at the distance b above aplane which is tangential to the upper end sur&ce 61 of the 
supporting sleeve. 



After the cab has been mounted on the ftame. the rubber busbmg 4 is loaded by die weight of 
die cab so diat die upper outer pei^tfaay 44 of die rubbar elanent witt be m a plane which is 
at die distance ai below a plane which is tangential to die t^jperend sur&ee 61 of die 
supporting sleeve, as shown in Rgure 1. The supporting sleeve 6 has an axial lengdi Sl and 
die rubber element 40 has an axial lengdi Bi beyond die main part of dw radial extent of die 
rubber bushing, i». £tom a short distance from the sopporting sleeve to die outer periphoy of 
die rubber bushu^g. The lengdi Sl of die supporting sleeve exceeds die lengdi Bl of die rubber 

bushing so diat there is a clear distance ai between die washer S and the axially directed upper 
surface 41 of die nibber bushmg. It is advantageous diat die nibbor bushmg be dOmoisioned so 
diat die clear distance ai during static loading by die cab txmesponds to SirBi/2, tbttOsy also 

creating a clear distance 83 between die upper end cover 14 and die axially directed towK 
sur&ce.42 ot die rubber bushing. If die rubber bushing is dimensioned as above, then as » Sl- 
Bi/Zsai when the cab is mounted on die spiing stints and statically loads the bushings. 

The stop surfaces S,14 have an out^ diameter which conesponds to or slighdy exceeds diat 
of die rubber element This results m die axiaUy directed surfaces 41,42 of die rubber element 
abutting fuUy against die stop surfaces when die bushing "bottoms", le. when die spring stmt 
is subjected to vibrations widi larger an^Utiides dian ai and aa respecdvdy. 

■ • 

Figuie 4 is a schonatic depiction of a cab which is flexibly suspended on four spring struts 1 a* 
Id with respect to the vehicle franae 21. Each spring stmt is in principle atranged vertically 
and placed in the vicinity of acomer of the cab in such a way that each spring strut absorbs a 
similar load. The four spring stmts la-Id are arranged in psurs at the forward and rear edges 
respectively of the cab and in such a way dial each spring strut in tbe respective pairs is 
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airanged at substantially the same di^ance D bom the vehicle centieline Cl and that each 
spring strut in the static state does in principle absorb about 25% of the service weight of the 
cab 20. Each of the spring struts la*ld. including their bushings 4a-44 has to be adq>ted to 
the service weight of the cab so that there is prestressing of the robber bushing and that tfam 
are in principle equal distances ai , ai between the stop sur£aces 1 4 and the axially dii 
surfaces of die rubber bushing. 
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The rubber bushing is dunensioned so as to achieve a spring characteristic according to Fi gurr 
2, in which the load F is depicted as a function of die deflection movement S. In the neutral 
position SsQ the rubber bushing is prestressed by a static load which depends on the weight of 
die cab and which in diis case widi four evenly loaded spring strats may conespond to 25% of ' 
a normal cab weight of about 1 200 kg, conespondug in die diagram to 290 1% or a load of 
2900 N. This static prestressing by die weight of the cab and die clear distances ai, ai of 2 mm 
each between die stop surfaces 5,14 and die axial surfaces 41,42 of die bushing result in a 
weak bushhig at vibration an^litudes of to 2 mm from a static eq^^ 
vibxaticm anoplitudes exceedmg 2 mm, die tad surfaces of the rubber element "bottom" against 
d» stop surfiu;^ 5,14, which means diat die bushing is only subjected to compressive forces 
and thmf ore becomes significant!/ moie rigid. The rubber bushing is dimengSnni^H so diat the 
spring constant in die an^ilitude range of -2 to 42 mm fiom the equilihrium position is widdn 
die range 600-800 N/mm and at gieater an^litudes (after die rubber element has Tiottomed") 
it is about 4000 N/mnL For certain vehicles^ spring constants of about 3000 N/mm have 
proved advantageous. The ratio between the spring constants should be at least 1/4. 
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At greater amplitudes the cab may continue to move leiarive to die fiame. After the bushing 4 
has 'Txittomed", die movement is essentially absoxbed by die shock absoxber 3 (assuming diat 
die ftequency is low enough for die shock abswber to keep up widi) . This happens, for 
example, when the vehicle is driven through a podiole or crosses any similar unevenness of 
die carriageway. It is advantageous diat die rubber bushing be dimensioned widi respect to a 
calculated cab service weight, which includes normal equipment in the cab and a driver. Widi 
clear distances au aa of 2 mm m die static equiUbrium position, die bushing "bottoms" at a 
load of 1300 N (130 kg) per spring strut If die clear distances ai, aa art increased to 3 
each, "bottommg" only takes place at a load of 2000 N p^ spring strut 



IIUI 



Suitable dimensioning of the bushing and adaptation of the clear distances aua^ provide a 
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good safety margin against "bottpming" of the bushing due tn staAa load iwHiw nnmmi 
weight load. Id the case of a higher cab service wd^ due, for nouiqde, to extia equipment 
such as coolers etc., it is easy to adapt the bushing to the higher service weight by fitting a 
spacing washer between the upper end cover 14 and the lower surface 62 of the supporting 
sleeve, provided that the outside diameter of the spacing washer conesponds to the outside 
diameter of this lower surface 62 of the supporting sleeve. If it is at the same time desired that 
the bushing should mamtain a similar characteristic even when the cab moves away fiom the 
iqjper portion of Oe spring stmt, the washer 5 may be leglaced by a washer which is provided 
witfi an increased Aiclmess nuiiaUy outwardly about the contact surfecc of a» 
upper surface 61 of the supporting sleeve. The spacing washer and the modified washer 5 are 
dimensioned so Aat the distances ai and ai are within die range 2-3 mm, and are preferably 
equal, when the only static load on the bushing is the cab service weight. 



The onbodiment described may be modified in a multipUdtjr of ways within die scope of tbs 
patent daims. What is essential is that the robber bushing is capable of filtering out vibrations 
wifljin the aixq>litttde range 2-3 mm, which means diat the dear distances ai and az have to be 
wifliin a corresponding range, advantageously 2.5 mm each. At die same time, the spring 
constant of Oie rubber bushing has to be ad^>ted to any nmmally occurring weight increase in 
the cab. whidi wdg^t increase must not cause die robber bushing to "bottom" umder the static 
load arising finm such increased wdght 



The contact surfaces 9',43,63 nuQr also be cylindrical, but tiiis is not preferable, since the 
bushing would then be weaker from the puidy strengtii point of view and would risk being 
sheared off. 



The outer perqribeiy of the fasteniog elanott may also be adapted to die number of bracket 
donents 12, 13 so that tiic outer periphery may for example be given a triangular shape if 
three bracket efements 12.13 are used and are airanged at die comers of die fastening element 
However, the portions of the fastening element which are enclosed in the lubber bushing and 
are situated radially inside would have to be given a circular shape to achieve favourable 
loading of the rubber bushing 4. 



Patent daims. 



1. Anangeincitfforre5meM5uspeiisionofacab(20)t6aveh^ 
cab is connected to the vehicle fiame via a multiplicity of telescopic elements (la-Id) which 
are in principle atnnged verticaUy. wheveby the loww pottion (lOa-lOd) of each telescopic 
element is connected to the vehicle frame, the upperportion (4a-4d) of each spring strut is 
connected to the cab and each spring strut incorporates a spring (2) and a shock absoiber (3) 
connected m paiallei with the spring, and each spring strut is connected via a bushing (4) to an, 
element (11) which is fastened to the cab. characterised <r that the bushing incorporates a 
robber dement (40) aiianged extemaUy about and firmly connected to a supporting sleeve (6) 
which itself is firmly arranged with respect to the spring strut, which supporting sleeve (6) is 
provided with a surfiioe (63) directed radiaUy outwards gainst which the rubber element (40) 
is fixed, a fastenhig element (9) arranged concentrically extemaUy about the supporting sleeve 
(6), which fastening element is provided with a radially inner surface (9*) substantiaUy 
concentric with an outer surftce (63) belonging to the supporting sleeve, whereby the inner 
surface (9") of the fastening dement is firmly arranged in die rubber bushing and is situated at 
a substantiaUy constant distance (Q fiom the outer surface of the supporting sleeve, which 
fastening dement (9) is provided widi andioring devices (12.13.16) situated ladiaUy outside 
the mbber dement (40) for anchoring to the dement (1 1) fastened to the cab, that the 
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dong the mdn part of its ladid extent, whereby (SO is larger than (BO so tbat there is a clear 
distance (a,) between die axidly directed upper surface (41) of the rubber dement and a first 
stop surface (5) which fiar movement purposes is lodsed relative to the upper portion ( 14) of 
the spring stmt, and that there is a clear distance (aj) between the axiaUy directed lower 
surfece (42) of the nibber dement and a second stop surface (14) which for movement 
purposes is lodted relative to the upper portion of the spring strut, when the cab is fitted to the 
frame and statically loads the bushing. 

2. Arrangement according to daim 1, characterised in that the outer surface (63) of die 
supporting sleeve is oonicd with diameter decreasing verticaUy upwards, diat the festeriing 
element (9) incorporates a developed conicd coUar which forms the radiaUy inner surface (9') 
which is substandaliy concentric with the outer surface (63) of the supporting sleeve, and diat 
the coUar and the surface (9*) are entiidy enclosed m the rubber dement (40). 
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3. Anangement accoiding to (Mm 1 or 2, characterised m that the bushing (4) is 
dimensioDed so that flie clear distances (auai) are equal and are within the range 2-3 mm 
when the cab is mounted on the frame and statically loads the bushing. 

4. Atrangemwit according to any one of claims 1-3. dtaracterised in that relative 
movement between the cab (20) and the vehicle fiame (21) with an amplttode exceeding Sl- " 
Bi/2 in the direction of the spring stmt is absoibed in the bashing (4) so that the axiaUy 
directed surfaces (41.42) of the rubber el^nent come to abut against the stop surfaces (5,14). 

5. Airaogement according to any one of claims 1-4, characterised At that the rubber 
bushing is dimensioned so diat its spring constant inoeases by at least five tunes TAen the 
axiaUy directed sutfiaces (41,42) of the rubber bushing come to abut against the stop sut&ces 
(5. 14). i.e. on the occasion of larger relative movements betweoi die cd) (20) and the upper 
portion (14) of the spring strut than ai and respectively. 



6. Arrangement according to any one of claims 1-5, dutracterlsed in that the spring 
constant of the rubber bushing is of the order of 600-800 N/mm on the occasion of a relative 
movement of less than ai or ^ seq>ectively betwerai die cab (20) and die upper potticm (14) of 
die spring strut, and diat die spring constant of die robber bushing is about 3000 N/mm on die 
occasion of a relative movement exceeding ai and ai respectively between die cab (20) and die 
upper portion (14) of die spring sttut 



7. Anangement according to any one of claims 1-6, characterised in that die spring (2) is 
an air bellows which surrounds die shock absorber (3), diat die air bellows (2) and die shock 
absorber (3) are danqied between u^ and lower end covers (14.15) integrated into die 
spring strut, and diat the dement (11) fiastened to the cab consists of a solid cast dement fixed 
to die firewall of the cab. 
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8. B«>shii« (4) intended for supporting a spring 

to the letter's cab, cfawacteriiafftjr a supporting sleeve (6) witli sheU smfiioe (63) directed 
outwards, by a surface (63) sunoundiqg and at the same time fiimfy connected to a rubber 
element (40), which rubber element has an axial length which is essentiaUy shorter than the 
axi^ length of the supporting sleeve, and by a ftstening element (9) arranged concentrically 
externally about the supporting sleeve (6), which fastening element has at its radiaUy inner 
portion a developed collar with a radiaUy inner soi&ce (9') which is substantially concentric 

with and at a constam distance (Q fern the aforesaid surfece (63). and has ai its radiaUy o^ 
portion at least one anchoring device (16). whereby the supporting sleeve (6) is arranged to be 

secured to the spring strut and the anchoring device is arranged to be secured to the cab. 



9. B«B*>in8 (4) according to clann 8, cftorocterirerf to that the outer surf^ 

supporting sleeve is conical with diameter decreasing verticaUy upwards, that the inner 
surface (9") is substantially concentric with the sheU sutf^ (63) of the supporting sleeve, and 
15 that the collar and the inner sutftce (9*) ate entirely enclosed in the rubber element (40). 



10. Bushing (4) according to chdm 8 or 9, characterised te that the supporting sleeve (6) 
has running axially through it a central hole intended to accommodate a ivd-shaped fastening 



device, and that the radiaUy outer portion of the fastening element is disc-shaped with its 
20 normal direction aubstantiaUypaialMwifli the axial centreline of the aforesaid central hole. 
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